A finite difference time-dependent numerical method for the wave equation, supported by recently derived novel elliptic grids, is analyzed. The method is successfully applied to single and multiple two-dimensional acoustic scattering problems including soft and hard obstacles with complexly shaped boundaries. The new grids have nearly uniform cell area (J-grids) and nearly uniform grid line spacing (αγ -grids). Numerical experiments reveal the positive impact of these two grid properties on the scattered field convergence to its harmonic steady state. The restriction imposed by stability conditions on the time step size is relaxed due to the near uniformity cell areas and grid line spacing. As a consequence, moderately large time steps can be used for relatively fine spatial grids resulting in greater accuracy at a lower computational cost. Also, numerical solutions for wave problems inside annular regions of complex shapes are obtained. The use of the new grids results in late time stability in contrast with other classical finite difference time-dependent methods.
Introduction
In this work, wave propagation inside annular regions of complex shapes and two-dimensional multiple acoustic scattering modelled by the wave equation are studied. Multiple scattering from complexly shaped obstacles constitutes a computational challenging problem subject to intensive research. This is confirmed by numerous recent research articles [1] [2] [3] [4] . The continuous growth of computer power has facilitated the appearance and the application of a variety of numerical techniques to previously unsolved scattering problems in all fields. Three main approaches, i.e. finite element, integral equations, and finite difference methods, have evolved. During the 1980s, the finite difference methods gained popularity among the engineers in the electromagnetic community due to the appearance of what is called today finite difference time-domain methods (FDTD). Since the pioneering work in [5] , numerous works have appeared in the electromagnetic literature, where numerical solutions of Maxwell's system of equations, modelling electromagnetic scattering problems, have been obtained by means of finite difference techniques. Most of them are based on the classical staggered method introduced by Yee, and developed and popularized in [6] .
It is well known that under transverse magnetic polarization, Maxwell's equations reduce to the scalar two-dimensional wave equation for one of the components of the electric field. Therefore, wave propagation problems modelled by Maxwell's system of equations and the wave equation experience similar challenges in their numerical solutions in many cases. On the other hand, there exists a vast literature where finite difference time-dependent methods have been applied to scattering problems modelled by the scalar and the vector wave equation [7, 8, 1] . Finite difference methods are attractive for the simulation of time-dependent waves due to their explicit nature and efficiency on cartesian grids for geometrically simple domains. However, their application on complex geometries using cartesian grids and rectangular cells negatively
